Abstract. Data on the distribution and abundance of submerged aquatic vegetation in Chesapeake Bay indicate a significant reduction in all species in all sections of the bay during the last 15 to 20 years. This decline is unprecedented in the bay's recent history. The reduction in one major species, Zostera marina, may be greater than the decline that occurred during the pandemic demise of the 1930's.
Chesapeake Bay (1), with its extensive littoral zone and broad salinity range (0 to 33 per mil), supports many different species of submerged aquatic vegetation (2). Our synthesis of relevant studies on submerged grasses in the bay and its tributaries (3) indicates that the present distribution and abundance of these grasses are at their lowest levels in the bay's recorded history (Fig. 1) . The decline, which began in the 1960's and accelerated in the 1970's, has affected all species in all areas. Many major river systems are now totally devoid of any rooted vegetation.
Data used to determine the present and past distribution of bay grasses were acquired from recent aerial mapping studies (4), field surveys by state and federal laboratories (5), biostratigraphical analyses of estuarine sediments for seeds and pollen of bay grasses (6), older archived photographs (7), and anecdotal information (8 This decline of vegetation appears to be restricted to Chesapeake Bay. We know of no reported large-scale declines of Z. marina or other aquatic estuarine grasses from the East Coast. In some areas, such as Long Island Sound, Z. marina is increasing in abundance (13).
The causes that have led to the Chesapeake Bay decline may be related to factors affecting the quantity and quality of light reaching the plant surface (14).
There are similarities between the areas of greatest reduction in aquatic grass $2 species and areas of greatest nutrient enrichment (15 The biological impact of increases in trace metal concentrations in the oceans has become a major concern (1). Trace metals such as copper at nanomolar concentrations similar to those in natural seawater inhibit nutrient uptake in both phytoplankton (2) and bacteria (3). However, numerous chemical species of copper are present in natural seawater (4), and chemical speciation often varies considerably between samples (3). The biological availability and toxicity of copper appear to be related to free cupric ion activity, {Cu2+}, rather than to total copper concentration or the concentration of copper complexes (3, 5). Since most copper toxicity studies have related cellular or organismic responses to total copper added to seawater (6), the biological availability of the metal, even on a relative scale, is usually unknown.
The cysteine-rich metal-binding protein metallothionein serves as a major intracellular metal-binding ligand whose synthesis can be induced by metals, including copper, cadmium, zinc, and mercury (7). Metallothioneins are widely distributed and have been isolated from various vertebrates, invertebrates, and higher plants (8, 9). These proteins have been associated with metal uptake, metabolism, and detoxification (7). The primary structure of crab thionein is homologous to both mammalian and fungal thioneins, and its synthesis is induced by copper, zinc, and cadmium (9, 10).
Research on the mechanisms of copper toxicity has focused on either biochemical responses (for example, metallothionein synthesis) or physiological effects at the population level (for example, growth rate), but not at both biological levels simultaneously (6). As a consequence, the relations between metal exposures, metallothionein synthesis, and population effect remain unclear. Correlating the amount of biologically available copper in seawater with cellular and molecular data and with the impact on organisms and populations is even more difficult. However, predictions of the ecological consequences of increased copper in seawater and of subsequent copper accumulation and subcellular distribution will be possible only if they can be related to population effects. In this study we have used a copper-nitrotriacetic acid (NTA) buffer system (11) to control free cupric ion activity, and have examined the relations between {Cu2"} in seawater, cytosolic copper, copper-thionein accumulation, and growth in crab larvae. Our data indicate that copper-thionein can be related to {Cu2+} in seawater and that a shift in copper-thionein accumulation is correlated with inhibition of larval growth.
Newly hatched larvae of the mud crab Rhithropanopeus harrisii were exposed to a range of {Cu2+} values for the duration of zoeal development (12) . The larvae were sampled immediately after they had molted to the megalopa stage. Survival, time to megalopa, and dry weights
